ABSTRACT: The challenge of identifying cause of death in discarded bycaught marine mammals stems from a combination of the non-specific nature of the lesions of drowning, the complex physiologic adaptations unique to breath-holding marine mammals, lack of case histories, and the diverse nature of fishing gear. While no pathognomonic lesions are recognized, signs of acute external entanglement, bulging or reddened eyes, recently ingested gastric contents, pulmonary changes, and decompression-associated gas bubbles have been identified in the condition of peracute underwater entrapment (PUE) syndrome in previous studies of marine mammals. We reviewed the gross necropsy and histopathology reports of 36 cetaceans and pinnipeds including 20 directly observed bycaught and 16 live stranded animals that were euthanized between 2005 and 2011 for lesions consistent with PUE. We identified 5 criteria which present at significantly higher rates in bycaught marine mammals: external signs of acute entanglement, red or bulging eyes, recently ingested gastric contents, multi-organ congestion, and disseminated gas bubbles detected grossly during the necropsy and histologically. In contrast, froth in the trachea or primary bronchi, and lung changes (i.e. wet, heavy, froth, edema, congestion, and hemorrhage) were poor indicators of PUE. This is the first study that provides insight into the different published parameters for PUE in bycatch. For regions frequently confronted by stranded marine mammals with non-specific lesions, this could potentially aid in the investigation and quantification of marine fisheries interactions.
INTRODUCTION
Bycaught marine mammals that die peracutely are those which become entangled in fishing gear such as gillnets and trawls where the proximate cause of death is forced submersion (Kuiken 1994) . Peracute underwater entrapment (PUE) is the term applied to mortalities of marine mammals caused by entanglement and forced submersion and can entail complex determinations of ultimate cause of death . The challenge of identifying PUE stems from the non-specific lesions associated with drowning, and the physiologic adaptations unique to breathholding marine mammals.
In human forensic science, drowning is considered asphyxiation with small or large volumes of water occluding the airways. In 10−15% of human drownings it is believed that the larynx spasms and water does not reach the lungs (Di Maio & Di Maio 1993) . White or hemorrhagic edema can be found in nostrils, mouth, and airways. Humans hold their breath until a break point of high levels of carbon dioxide and low levels of oxygen are reached, and water is involuntarily inhaled (Di Maio & Di Maio 1993) .
Marine mammals have developed adaptations for breath holding. Harbor seals Phoca vitulina can dive to up to 466 m deep and for as long as 31 min, although most dives are shallower dives of 1−3 min (Stewart 2017) . Gray seals Halichoerus grypus can dive deeper than 300 m and for about 30 min, but most dives are within shallow waters (60−100 m deep) and short (4−10 min; Hall & Russel 2017) . Harbor porpoises Phocoena phocoena can dive up to 220 m deep and for as long as 7 min, but most dives are less than 20 m deep and last ~1 min (Bjorge & Tolley 2017 , Stewart 2017 . Strenuous activity, such as the reaction of an animal when it realizes that it is entrapped, creates more metabolic demand than the animal may be adapted for. The metabolic rate of an odontocete may increase 30% in a flight response (Williams et al. 2017) . The mechanisms that marine mammals use to compensate for long periods of breath-holding at depths (alveolar collapse, tracheobronchial compression, and blood redistribution; Piantadosi & Thalmann 2004 , Moore et al. 2011 ) may inhibit inspiration during forced submersion (Berta et al. 2006 ), leading to cardiac inhibition and severe laryngospasm, hy po xia, and convulsions (Papa dodima et al. 2010) . Carbon dioxide narcosis has also been suggested; however, studies in shallow-diving terrestrial species (beaver and otter) have shown that toxic levels of CO 2 do not accumulate before the onset of hypoxia (Ludders et al. 2009 ).
Currently, there is no established pathognomonic lesion for drowning (Lunetta & Modell 2005 , Piette & De Letter 2006 . As in human forensic pathology, the history and necropsy findings in marine mammals are important criteria in reaching a diagnosis of PUE. The signs associated with forced underwater submersion in marine mammals include evidence of acute entanglement such as linear impressions encircling the head, neck, body, and appendages as well as lacerations at the gape of the mouth; post mortem mutilations caused by removal of the animal from gear (Kuiken 1994 , Cox et al. 1998 , Jepson et al. 2013 ; stable froth in airways, heavy, reddened lungs and eyes, and generalized congestion (Duignan et al. 2003 , Jepson et al. 2013 ). Jepson et al. (2005) and Moore et al. (2009) reported the finding of gas bubbles in PUE marine mammals as a consequence of post mortem offgassing from hauling out deceased animals with nitrogen saturated tissues. These gas bubbles were likely similar to those identified by Fernández et al. (2005) demonstrating the development of a decompression sickness-like condition in diving marine mammals caused by inert gases coming out of solution into tissues and venous circulation (Vann et al. 2011) . A recent study showed that the quantity of macroscopic gas bubbles in bycaught animals was significantly higher than in stranded marine mammals (Bernaldo de Quirós et al. 2013b) . That study also demonstrated that the gas bubbles were mainly composed of nitrogen, reinforcing the decompression hypothesis proposed by Moore et al. (2009) . Decompression sickness has been diagnosed in sea turtles with PUE (García-Párraga et al. 2014) .
We retrospectively studied the gross necropsy and histopathology reports of known fishery bycaught cases and compared them to those of stranded marine mammals for findings previously reported in association with forced submersion (Kuiken 1994 , Cox et al. 1998 , Knieriem & García-Hartmann 2001 , Jepson et al. 2013 . The goal of this study was not to investigate the complex pathophysiologic processes which contribute to ultimate cause of death in marine mammals during PUE, but rather to study the utility of currently published parameters to aid in the detection at necropsy of discarded marine mammal bycatch.
METHODS
Marine mammal necropsy and histopathology reports from 2005 to 2011 were compared between directly observed bycaught animals (n = 20; Table 1 ) and those that were live stranded and euthanized with pentobarbital (n = 16; Table 2 ).
Stranded marine mammals were euthanized after comprehensive health assessment results deemed rescue or rehabilitation unfeasible, which included stranding injury, environmental exposure, and/or severe predator/scavenger damage (n = 3), severe acute pre-stranding injury (n = 2), poor health and decompensation during evaluation (n = 10), and dependent calf/pup (n = 1). The responses to strandings and necropsies were carried out by the International Fund for Animal Welfare (IFAW) between Westport and Sandwich, Massachusetts (MA), USA, including Cape Cod and the Elizabeth Islands.
Bycaught animals were obtained through the NOAA Northeast Fisheries Observer Program (NE -FOP). All animals were retrieved dead from active commercial fishing nets. Among the 20 bycaught cases, 17 were recovered from gillnets and 3 from trawls. NOAA Fisheries Observers recorded date, depth of net, haul duration, target species, and surface water temperature (Table 1) . Deceased animals were transported by road to Woods Hole Oceanographic Institution at Woods Hole, MA, and stored at 4°C until necropsied. Necropsies were performed within 24 to 36 h after death.
At the time of each necropsy, all animals presented in a fresh state of decomposition (Geraci & Lounsbury 2005) . Necropsies of bycaught marine mammals were carried out by NOAA and Woods Hole Oceanographic Institution personnel following Pugliares et al. (2007) . Histology samples were collected from all major organs, fixed in 10% neutral buffered for malin, processed routinely, and stained with hematoxylin and eosin. Slides were examined by board-certified veterinary pathologists.
Necropsy and histopathology reports of bycaught and stranded marine mammals were reviewed for key words or phrases consistent with PUE, including external evidence of acute entanglement or disentanglement (e.g. net marks or line marks); reddened or erythematous conjunctiva and bulging eyes; recently ingested gastric contents; froth in trachea and primary bronchi and/or pulmonary changes (wet, heavy, froth, edema, congestion, and hemorrhage); congestion; and presence of gas bubbles. The presence of congestion and bubbles was studied overall (i.e. presence or absence in the body), in cluding multi-organ distribution (present in 2 or more locations), as well as distribution by location of organs. For congestion, liver, kidney, adrenal, spleen, and heart locations were studied. For gas bubbles, liver, spleen, heart, and lymph nodes were studied. Additionally, the presence of congestion and gas bubbles described in the histopathology reports was analyzed separately from the presence of congestion described in the gross necropsy reports.
The prevalence of these findings was calculated from the total number of cases in the bycaught and stranded group. To determine whether the proportion of animals with these findings differed between bycaught and stranded animals, a chi-squared test was used (p < 0.05). Given the small sample size, the statistical test might be underpowered. 
RESULTS
The percentage of males to females in the bycaught group was 60% male and 40% female, compared to the stranded group, which was 75% male and 25% female. The proportion of pinnipeds (30/99 or 31%) and cetaceans (69/99 or 70%) was very similar among bycaught and stranded animals. Calves were present in higher numbers in the bycaught group, while adults were present in higher numbers in the stranded group (Table 3) . Among the 7 key signs explored, 3 were present in significantly higher numbers in bycaught animals compared to stranded animals: external signs of acute entanglement (p < 0.001), red or bulging eyes (Fig. 1A) .
The most common gastric findings in the stranded group were empty alimentary tract, otoliths, fish vertebrae, squid beaks, parasites, or scant fluid. In only 1 stranding case were recently ingested gastric contents found, including 7 partially digested or undigested whole prey in their stomach (i.e. fish or squids).
Froth in the respiratory tree or overall presence of findings in the lung consistent with PUE (i.e. froth, edema, wet, heavy, congestion, or hemorrhagic) were not significantly different (p = 0.526 and p = 0.939; Fig. 1A ). Froth in mouth, trachea, or bronchial tree was more frequent in stranded cases (75%; 12/16) than in bycaught cases (70%; 14/20; Fig. 1A) . None of the studied pulmonary changes were present in significantly different proportions. The stranded group presented a larger proportion of animals with 2 or more pulmonary changes (69%; 11/16) compared to the bycaught group (55%; 11/20; Fig. 1B) .
Overall presence or absence of congestion, detected by gross necropsy and histologic exam, between the groups was not significantly different (p = 0.078; Fig. 1A) , neither was the prevalence of congestion by location in the heart, liver, spleen, kidneys, or adrenal gland. However, bycaught animals were significantly more likely to have visceral organ congestion in 2 or more locations than stranded animals (p = 0.022; Fig. 1C ). This difference increased if only histological reports were considered (p = 0.006). The most common location for congestion in by caught animals was the liver (60%; 12/20), followed by adrenal gland (40%; 8/20) and spleen and kidneys (30%; 6/20). The most frequent locations reported to be congested in the stranded group were liver and spleen (25%; 4/16) followed by adrenals (19%; 6/21; Fig. 1C ). If only histologic reports were considered, congestion in the adrenals was significantly different between groups (p = 0.0150).
Overall presence or absence of gas bubbles, detected by gross necropsy and histologic exam, was not significantly different between the 2 groups (p = 0.223; Fig. 1A ). In contrast, prevalence of gas bubbles in lymph nodes and liver was significantly higher in bycaught animals compared to stranded animals (p < 0.001 and p = 0.027, respectively). Gas bubbles were also present in higher proportions in spleen and heart of bycaught animals. This difference was marginally significant when using the Chi-squared test (p = 0.051 and p = 0.053, respectively) and significant when using Fisher's exact test (p = 0.022 and p = 0.024, respectively). Bycaught animals were also significantly more likely to have disseminated gas bubbles (p < 0.001), defined as detection in 2 or more locations (Fig. 1D) .
The most common locations for gas bubbles in bycaught animals within the studied locations were the lymph nodes (60%; 12/20), followed by kidneys (45%; 9/20), heart (40%; 8/20), liver (35%; 7/20), and spleen (30%; 6/20). The most frequent location for gas bubbles in the stranded group was the kidneys (50%; 8/16), and 1 case was reported with gas bubbles in the heart. Gas bubbles in the stranded group were absent in liver, spleen, or lymph nodes (Fig. 1D ). All these results were in agreement with results for analysis of gas bubbles reported in the histologic reports alone.
External signs of acute entanglement ( Fig. 2A,B) , red or bulging eyes ( Fig. 2A) , recently ingested gastric contents, disseminated congestion, and disseminated gas bubbles (Fig. 2C,D) were found to manifest differently and at a significantly higher rate in bycaught versus euthanized stranded marine mammals (Fig. 1) .
Of the 5 significant lesions identified to be potentially PUE specific, only entanglement evidence was unique to the bycaught group: it was present in 15 out of 20 bycaught marine mammals but absent in the stranding group. Red or bulging eyes, recently ingested gastric content, disseminated congestion, and disseminated gas bubbles were found in at least 1 animal of the stranding group (Fig. 3) . In the stranding group, only 5 animals presented 1 of the PUE significant findings according to this study: bulging red eyes (n = 1), gastric content (n = 1), multi-organ congestion (n = 2), or multi-organ gas bubbles (n = 1). The remaining 11 stranded animals showed an absence of PUE significant findings. In contrast, all animals in the bycaught group presented a minimum of 1 significant finding: 2 animals presented 1 PUE significant finding, 4 animals presented 2 significant PUE findings, 6 animals presented 3 significant PUE findings, 6 animals presented 4 significant PUE findings, and 2 animals presented all 5 significant PUE findings. Thus, the mode for the stranding group was 0 while the mode for the bycaught group was 4 (Fig. 3) .
As a final step, we undertook to determine if the presence or absence of the lesions significant to the bycaught group might also be taxon-specific. While MRPP suggested that the difference between the presence of gastric contents, entanglement lesions, bulging/reddened eyes, and disseminated bubbles and gas was significantly different (p = 0.001) between the bycaught (n = 20) and stranded groups (n = 16), there was no significant difference between the presence of the potential PUE lesions (p = 0.758) if the animal was a cetacean (n = 25) or pinniped (n = 11). Clustering of the 2 groups (bycaught or stranded and pinniped or cetacean) using PCoA, supported this finding, demonstrating a delineation between the stranded and bycaught group (Fig. 4A) in terms of the 5 PUE-associated lesions, but no clear clustering of the presence of these lesions when the cases were compared by taxa (Fig. 4B ).
DISCUSSION
Our results revealed that external signs of acute entanglement, i.e. red or bulging eyes, recently ingested gastric contents, disseminated congestion, and disseminated gas bubbles, were detected at significantly higher rates in bycaught than stranded marine mammals (Fig. 1) . There was no significant difference between bycaught and stranded cases for reports of froth in the respiratory tree or PUE lung lesions.
The stranded euthanized group did not show any external lesions which were consistent with acute entanglement, such as line marks, net marks, etc. (Fig. 2A,B) , while they were present in 75% of the ) is not observed when the presence of potential peracute underwater entrapment (PUE)-specific lesions is considered for taxa groups bycaught cases. Thus, evidence of acute entanglement was the most specific lesion for PUE in this study.
Of stranded euthanized cases, 1/16 presented with red or bulging eyes (Figs. 1 & 2A) . This case (IFA W09-183Pv) was a canid attack case, and the animal was subsequently euthanized due to injuries. The ruptured eye was most likely caused by the attack. Grey seal attacks have been observed and reported in other locations (Leopold et al. 2015 , Brownlow et al. 2016 , although grey seal attacks have not been reported on Cape Cod. If this animal is removed from the calculations, there were no animals reported in the stranding group with eye changes consistent with PUE; thus red or bulging eyes are also considered a strong indicator of PUE. However, red eyes are an un specific lesion. Subconjunctival hemorrhages have been described in animals stranded in temporal and spatial association with acoustic disturbances (Fernández et al. 2005) .
In both the bycaught and stranded groups there is also the potential that not all animals were feeding prior to entanglement or stranding. Further, bycaught animals may have voided their stomachs during the period of underwater entrapment (Lougheed et al. 1939) . Indicators of recent feeding including the presence of chyle in lymphatic ducts should be scored in both stranded and bycaught gross necropsy reports as a more reliable predictor of recent feeding. The high proportion of stranded animals without gut contents is reasonable given that 10 of the stranded cases were euthanized for poor health condition and emaciation. However, the presence of whole undigested or partially digested prey in the esophagus or stomach of a stranded animal is a rare finding (Arbelo et al. 2013) . In this study, only 1 stranded animal presented food remains indicative of recent ingesta (6%). In contrast, recently ingested gastric content was found in 65% (13/20) of the bycaught cases, and undigested or partially digested prey were found in 35% (7/20) of these animals. The presence of whole undigested or partially digested prey in the stomach has also been reported in ship collisions, or acute decompression-like sickness (Arbelo et al. 2013) . Although this finding is not specific to bycatch (PUE), it is a good indicator for acute death and feeding activity prior to death.
Congestion is a non-specific finding which can manifest through various physiologic processes , Mosier 2017 or as a post mortem or euthanasia artifact (Grieves et al. 2008 , Jepson et al. 2013 . Despite the use of barbiturate euthanasia for all cases of stranded animals, stranded animals presented congestion in fewer organs than bycaught animals, which were significantly more likely to present congestion in 2 or more organs. Although the organs that were studied for statistical analyses were the lungs, heart, liver, spleen, kidneys, and adrenals, congestion in other organs such as the brain was also observed. Unfortunately, these findings were not consistently described in the necropsy reports, thus statistical analyses were performed only for those organs where data were complete. Congestion is a non-specific finding, but disseminated congestion has been described together with disseminated gas bubbles as in decompression sickness (Francis & Simon 2003) . The formation of gas bubbles in a closed system such as the circulatory system necessarily increases the internal pressure. The presence of massive gas bubbles in the heart and lungs decreases the flow of blood through the lungs and cardiac output (Francis & Simon 2003 , Mosier 2017 . The decreased blood flow together with the increase in internal pressure can lead to hemorrhages caused by diapedesis (Mosier 2017) .
In this study, the prevalence of gas bubbles (overall presence, detected grossly during the necropsy and microscopically, vs. absence) was not significantly different between bycaught and stranded marine mammals. However, gas bubbles in 2 or more organs were found in significantly higher numbers in by caught marine mammals compared to stranded marine mammals. Among the locations studied, gas bubbles were found more frequently in lymph nodes and livers of bycaught animals. Gas bubbles were also found more frequently (although not significantly so) in spleen or heart. Therefore, gas bubbles were systemically distributed in most bycaught animals. As noted, other organs, such as the brain, contained gas bubbles but were not consistently documented in stranding and bycatch cases. Organs to further examine presence or absence of bubbles should include brain, eyes, and muscle, in addition to vascular locations such as subcutaneous, mesenteric, coronary veins, and lumbocaudal venous plexus. Similar findings were reported in a recent prospective study where in addition to prevalence or absence of gas bubbles, the number of gas bubbles was estimated using a gas score (Bernaldo de Quirós et al. 2013b ). That study concluded that the amount of gas and distribution is more important than the mere presence or absence of gas bubbles, since 78% of stranded marine mammals presented gas bubbles but none of them in large gas scores (Bernaldo de Quirós et al. 2013b ). In contrast, 100% of bycaught marine mammals presented gas bubbles and at larger gas scores than stranded animals. Statistically significant differences were found for gas scores in fresh animals.
The prevalence of gas bubbles in stranded marine mammals noted by Bernaldo de Quirós et al. (2013b) was higher than the prevalence reported previously by Moore et al. (2009) . It was suggested that the increased prevalence in stranded animals reported by Bernaldo de Quirós et al. (2013b) probably reflected greater awareness and training of stranding personnel involved in bubble examination. The prevalence reported in bycaught animals (100%) and stranded animals (78%) was also higher than the prevalence reported in the present study (75 and 50%, respectively). These differences emphasize the need to follow a standardized protocol to search for, report, and sample gas bubbles (Bernaldo de Quirós et al. 2012a ).
In our study, 50% of stranded marine mammals presented gas bubbles, all of which presented in the kidneys. Only 1 stranded animal presented gas bubbles in an additional location. Thus, stranded animals only presented gas bubbles in the kidneys except for 1 animal that presented gas bubbles in the heart in addition to the kidneys. Interestingly, Bernaldo de Quirós et al. (2013b) reported a high prevalence of perirenal subcapsular gas in 32/40 (78%) marine mammals that were examined (including both stranded and bycaught marine mammals). The patho logical interpretation of this finding remains unknown, and future research should be done in order to understand how and why gas bubbles are found in the perirenal tissue.
Gas bubbles have become a topic of interest within marine mammal pathophysiology given the potential for decompression sickness-like findings. The presence of gas bubbles in marine mammals stemming from a number of mechanisms has been reported in both live and dead stranded or bycaught animals (Fernández et al. 2005 , Jepson et al. 2005 , Moore et al. 2009 , Bernaldo de Quirós et al. 2011 , 2012b , 2013b , Dennison et al. 2012 , Danil et al. 2014 . Previous studies of marine mammals as well as controlled experimental models have proven that fresh animals (code 2, freshly dead; Geraci & Lounsbury 2005) were free of relevant gas formation by putrefaction (Bernaldo de Quirós et al. 2012b , 2013a . Bernaldo de Quirós et al. (2013b) demonstrated that gas bubbles in fresh bycaught marine mammals were composed of nitrogen, suggesting they originated from nitrogen-saturated tissues. In this study, we included only fresh animals to avoid the inter ference of putrefaction in the results of the gas bubbles. This criterion is only useful for code 2 animals.
Considering previous studies on bycaught animals and the results from this study, we can conclude that gas bubbles are more widely distributed and more numerous in bycaught animals compared to stranded marine mammals, suggesting that the distribution and number of gas bubbles is a potentially important discriminating PUE criterion in fresh animals. However, gas embolism has also been described in marine mammals due to other causes such as decompression-like sickness linked to anthropogenic sound (Fernández et al. 2005) or infection by Clostridium perfringens (Danil et al. 2014) ; therefore, differential causes of gas embolism should always be considered and ruled out.
In both human and wildlife forensic pathology, froth in the respiratory tract has been reported as a potential indicator of drowning (Piette & De Letter 2006) . Multiple mechanisms have been proposed for the formation of froth, including breath-holding, introduction of fluid into the respiratory tract, and the interaction between pressure, edema, and residual air (Lunetta & Modell 2005 , Jepson et al. 2013 . Detection of froth can also be difficult due to its disappearance during the decomposition process. Human forensic literature reports the detection of froth in only 17.3% of suspected drowning cases (Lunetta & Modell 2005) .
Our data suggest that the use of froth is a poor indicator of PUE. There was no significant difference in the proportion of bycaught animals and euthanized stranded animals with froth (p = 0.526). The presence of froth has potential utility, but given the challenges with identifying an etiology and the lack of significance in presence or absence between the 2 groups, we concluded that froth was not a significant differentiating criterion for PUE animals.
Human and marine mammal forensic research has focused many investigations on the manifestation of pulmonary lesions in victims of forced submersion. The most common reported findings in marine mammals are of wet, heavy, dark red lungs with edema, congestion, hemorrhage, or froth (Jepson et al. 2013) . In this case review, we found no significant differences between the bycaught and stranded group in terms of these reported pulmonary lesions. However, laboratory-based research has found that barbiturate euthanasia can cause severe congestion, hemorrhage, and edema most prominently in the lungs, liver, kidneys, heart, and spleen (Prien et al. 1988 ) in rats, mice, rabbits, guinea pigs, sheep, non-human primates, dogs, and cats (Grieves et al. 2008 ).
There is the potential that barbiturate euthanasia could have caused artefactual pulmonary changes in the stranded group and interfered with our ability to make comparisons between the lesions present in the lungs of the bycaught and stranded group. An additional potential confounding factor could be preexisting disease such as verminous pneumonia caused by heavy parasite burdens. Because of these contributing factors and the lack of significance be tween the groups in any of the 6 pulmonary lesions, we concluded that the pulmonary findings may not be reliable criteria of PUE in bycaught marine mammals.
The cases in this review span the period 2005−2011 and represent the work of multiple prosectors and pathologists, which challenges the study design. Protocols evolved during this period, thus the statistical analyses were limited by the anatomical locations with comparable data. Due to incomplete reports, some animals had to be removed from the study. Blank sections in pathological reports should not be interpreted as lack of findings. As a result, the number of animals included in each group was smaller than initially planned, and sample size is critical to run more powerful statistical analyses. This study emphasizes the importance of standardized complete necropsy protocols and the importance of histologic findings to strengthen the significance of the results obtained from post mortem examinations. Methods for doing this could include interactive data forms that prompt the user for routine responses, and specific fields to record gas score as defined by Bernaldo de Quirós et al. (2013b) .
To undertake comparisons for the presence of potential PUE lesions between bycaught and stranded animals, both cetacean and pinniped cases were included in this study. Within-group comparisons for the bycaught and stranded group were under powered due to small sample size. Multivariate methods were used to overcome this limitation and potentially identify if the lesions that were found to be significantly present in bycaught animals were taxa specific. While a difference was shown for the presence of the 5 PUE-associated lesions when the cases were grouped on the criteria of being stranded or bycaught, no difference was found when the cases were grouped based on taxon (cetacean vs. pinniped; Fig. 4 ). Therefore, taxon appears to have no effect on the presence of the lesions identified in this study to be significant to bycaught animals. Future studies using larger samples sizes that are able to undertake taxon-specific and inter-fishery comparisons will be informative to determine if there are PUE-associated lesions specific to bycaught cetaceans or pinnipeds.
Global marine mammal bycatch rates are estimated to exceed 650 000 animals annually (Read et al. 2006 ), a large proportion of which are discarded. Retrieval of discarded bycatch as beach cast cases may occur at a lower rate in regions where prevailing tides and winds may force animals away from shore -such as Cape Cod. However, some regions are confronted with large numbers of stranded animals with non-specific post mortem findings. Currently, there is no established pathognomonic finding associated with drowning which can exclude other causes of death (Lunetta & Modell 2005 , Piette & De Letter 2006 . This can confound our ability to quantify and identify marine mammal bycatch and complicates identification of gear or practices that may make a fishery more prone to bycatch: fisheries are very complex in terms of gear and techniques, and are constantly changing.
This study provides insight to weigh the different published parameters associated with bycatch. It is notable that there is a recent tendency by some to assume that marine debris, including abandoned fishing gear, is the primary source of marine mammal entanglement (Stelfox et al. 2016) , often with misleading, misrepresented evidence (Asmutis-Silvia et al. 2017). However, given that all of the bycaught cases in this study were observed takes from actively fished gear, it is important to understand that the current study should not be used to diagnose ghost gear bycatch lesions.
There is a need to better determine PUE cases within stranded animal cases (discarded bycatch), but this is logistically complicated due to the carcass condition at the time of report, since stranded animals often present with signs of decomposition. These cases still present a challenge in confidently determining if they are PUE cases.
The use of these criteria could strengthen current methods. However, this study has also shown the importance of doing prospective systematic standardized necropsies in both stranded and bycaught marine mammals, and the importance of recovery of fresh stranded and bycaught animals. Future studies with larger sample sizes for pinnipeds and cetaceans, as well as different fishing gear, may contribute to a better understanding of speciesand gear-specific markers, in addition to searching for new PUE findings or markers (Roe et al. 2013) . In turn, this knowledge could be used to recommend changes in gear or techniques to mitigate bycatch.
In summary, through case reviews we identified 5 criteria from our PUE categories which present at sig-nificantly higher rates in bycaught than stranded marine mammals. These 5 criteria include external signs of acute entanglement, red or bulging eyes, recently ingested gastric contents, multi-organ congestion, and multi-organ gas bubbles in fresh animals. These findings largely concur with those for confirmed PUE cases in Jepson et al. (2013) . Our goal was not to investigate the complex pathophysiologic processes which contribute to ultimate cause of death in marine mammals during PUE, but rather to demonstrate the utility of currently published parameters to aid in the detection at necropsy of discarded marine bycatch.
Furthermore, there is an ongoing need for better diagnosis of gas embolic conditions associated with marine mammal stranding following acoustic trauma. Differentiation of cases associated with PUE versus acoustic trauma remains a diagnostic challenge, but our study, along with a detailed history where available, should enhance the ability to make the differentiation in terms of presence or absence of findings associated with underwater entrapment.
